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IMAGE ENCODING BASED ON 
JUDGEMENT ON PREDICTION ERROR 

Th'K application is a reissue of U. S. Patent 
No. 6.028.96^, which \%sut d from application 
Ser. No. Qg/ST^^^RI, filed J une 13. 1997. 
BACKGROUND OF THE INVENTION 

I, Field of the bvcntioa 



The Present invention relates to an image encoding 
apparatus and method for encoding image data, and to 
a medium in which the image encoding method has been 
stored. 

2. Related Background Art 

ConvcnUonaUy. in order to provide a^.J^^*! J*^* 
apparatus, tfictc has been a technique which ts^^^^ 
pj^ction eacoding.TTie prediction encoding is ^^^vjd b> 
ising a series conversion unit for converting image dau iMo 
a prediction error in prediction converting, and an en^opy 
encoding unit for converting the prediction error outpuucd 
froiHe series conversion unit into code data of which 
Terndancy is more smaUer by using an entropy encoding 
method such as Hufifman encoding Of the UJcc 

In the prediction encoding, a characteristic in a frequency 
of Alienee (or ge neration) of the predictioP error is 
(difference) different for each image. Therefore, m order 
to improve encoding efficiency, it is [dcsircdl desiniMc to 
perform optimum entropy encoding for each miage. 

As a method to achieve such entropy encoding, a method 
is wcU known in which an encoding process is poformcd on 
the basis of two-path structure. In this method, the charac- 
teristic in the frequency of occuirence of the prediction error 

is checked and delected in a first path, the entropy encoding 
method is dcierrained according to the detected 
characteristic, and then practical encoding is performed in a 
second path. 

However, it has been rare to use this method because the 
process becomes corapUcated, use of a memory increases, 
and the like. Instead, it has been more frequent to determine 
the entropy encoding method in accordance with a charac- 
teristic of general prediction error series. 

In this case, by previously encoding the several images, 
the characteristic in the frequency of occurrence of the 
prediction error is detected and then the encoding method is 
determined based on the detected charactcrisUc. 

no. 2 shows an example of an image encoding apparatus 
in the abovc-described conventional system. In the drawing, 
reference numeral 201 denotes a buffer. 202 denotes a 
prediaor. 203 denotes a subtracter. 204 denotes a memory. 
205 denotes a Huffman encoder, and 206 and 207 denote 
signal lines. 

Also. no. 2 shows the example of the image encoding 
apparatus which performs the prediction encoding by usmg 
peripheral pUels as a series converting process which con- 
verts the image data into the prediction error, and further 
performs the Huffman encoding as the encoding process. 

In no. 2, before the encoding is practicaUy performed, a 
frequency distribution of the prediction error which has been 
previously obtained by series-converting the image data 
representing the several images is checked, and then a 
Huffman table is formed and stored in the memory 204 m 
accordance with the checked frequency distribuUon. 

In die case of practicaUy performing the encoding, ini- 
tiaUy image dau x is sequentiaUy inputted from the signa^ 
line 206. The buffer 201 stores the image data x mputt^f 
from the signal line 206. by two Uncs. The predictor 202 
derives, from Ac buffer 201. the image dau of pixel a 
positioned immediately before an encoding Urget pixel and 
the image daU of pixel b positioned before the pixel a by one 
line (see HG. 3), Then, the predictor 202 generates a 
prediction vatoe p by calculating ps<*^y2. 



The subtracter 203 outputs a diffacnlial value c between 
the image dau x of the encoding Urget pUcl and the 
prediction value p. As described above, the Huffman 
encoder 205 outputs encoding dau corresponding to the 
differential value e from the signal line 207. by ttfea^ to 
the Huffman uWe previously stored in the memory 204. 

On the other hand, compressing efficiency in the predic- 
tion encoding depends on prediction accuracy in the sencs 
conversion unit and the encoding method in the entropy 
encoding unit In order to improve the prediction accuracy, 
there is a technique which is $o<aUed an error Redback. In 
the error feedback, the prediction error corresponding to Ac 
difference between an encoding urget pixel va^ue and the 
prediction value is used by the prediaor as feedback to 
correct the prediction error. 

For example, there is a method in which a mean value of 
the prediction error is calcuUtcd for each suie on the basis 
of the sutc of the pixel values of the peripheral pixels of the 
encoding urget pixel and the calculated mean value is 
added to the prediction value. By using Isuch the] iMs me- 
thod, the prediction accuracy can be improved (such that 
numerous "0" of which code lengths are short arc gcner- 
atcd as the prediction errors), and also entropy can be 
reduced. 



In the image encoding apparatus according to the above- 
described conventional system, in a case where the image 
dau of such an image, eg,, a CG (computer graphics) 
image, a limited-color image or the like, as disaetcly having 
the pixel value is encoded, it is possible that the frequency 
of occurrence (or generation) of the prediction error after the 
above-described series conversion was performed becomes 
discrete. 

In such |lhel a case, although the short code length has 
been allocated as the code length by the entropy encoding, 
the prediction error which is hardly generated or is not at 
all generated comes to exist. Therefore, there has been a 
problem that the compression efficiency is not improved. 

On the other hand, in the conventional unagc process 
apparatus which utilizes the above-described error feedback, 
in the case where the dau of the image, i.e., the CG image, 
the limited-color image or the like, consisting of the disactc 
pixel value is subjected to the entropy encoding, there is 
some fear that good aimprciision perlormancc [can not] 
cannot be uhtaincil. 
Hereinafter, this case will be concretely explained. 
In the case of using simple prediction which does not 
include division such as prc-prcdicting, plane predicting 
or the like, if the error feedback is not used, the prediction 
error which has been generated from the data of the image 
consisting of the discrete pixel values has the discrete 
frequency distribution as shown in FIG. 11 A. 

However, in the case where the error feedback process is 
added, the predicUon error which is csscnUaUy generated 
discretely is diffused to the prediction error of the periphaal 
value, whereby the frequency distribution as shown in RG. 
MB appears. 

In this case, the entropy becomes larger as compared with 
the case where die error feedback process is not performed, 
whereby there is a problem that an (cncodel e ncoding data 
quantity dependent on the entropy encoding successively 
performed becomes larger. 

l"hat is. there has been a problem that, if the error 
feedback process for increasing the compression efficiency 
by reducing the entropy is performed for the image dau of 
which entropy is originally low. die process increases die 
entropy instead. 




SUMMARY OF THE INVEKnON 



n»e w«eat invention h«$ been nude in eoniidenUon of 
.ta^^tocribed proMems. .ad «. object <rf the pf«eni 
£"St!reffec?vdy encode -n inuge d.u h-u.g 
such a disaete pixel value as seen in a CG .mage, a 
limited-color image or the like. 

In Older to achieve the iboventecribed object to «ce«r- 
dince with a fint preferred embodiment of the preset 
lnv«,.io«. lit U provided .n imngc """""'"S 

eenent^on means for generating . predicuoo error from 
^"Hncoding target pixel value and a ptedtcuoo value of 

the encoding target pUel value; 
judgment means for generating a ec»«tion ft^enqf 
' .UstribtiUoo of the prediction error tojudge wheUwr « 

not the generation freq«««cy ii^^^*^ » 

entropy encoding means for changing "'^««»^8 4«a 
^owsponding to the prediction error and performing 

acc«Sance with a judged result by said judgment 
Further in order to achieve the above^escnbed object, 
in «coS.nce with (anl another preferred embodiment of 
theVrS-t invention, lit is provided] an image encoding 

^nparfiis is provided comprising: 

prediction value conecUon means for coaecung the pre- 

diction value; and 
judgment means for judging -h^*^" " "^J'" 

wnsisUng of the plurality of encoding target pixels is 

composed of the discrete pUel values. 
^1,erTthecoaccUon by saidpredictiofl value cojrection 

mwns is controlled in accordance with a result of the 

T^:re«dotei"oT-ror^^^^^^ 

bc^i^eT^en. from the foUowing deuUed descnpoon 
wheTLdTconjuocUon with the accompanymg dra^»mgs. 

BRIEF DESCRIPTION OF THE DRAWINGS 
no. 1 i$ a block diagram showing a first embodiment of 
Oic present invention; 
no. 2 is a block diagrant showing a conventional image 

na ^ilTJtew showing positions of peripheral pixels a. 

I, and c for an [cncdc) 'ai!!ilmt'"n!«--' Pj"' 
nC. 4 is a view showing an example ol a ituttman table 

stored in a memoiy I'W; 
no. 5 is a view showing an example of count value held 

'"na6Ta'.;ishowinganexampleofaconversionub.e 

"'SJ'Vir."SSi«!"a8nm showing an image process 
ap^ll ^corSi^to a s^ond embodiment of the present 

"TOTisavie*show.ingaco«spondencetableb«woc^ 
. coBtert S and a parameter k stored in a memory W. 
• no V U "vi^'showing a quamizins m«hod of Mer- 
enSf values (a-c) and between ^'(^f.^^^^ 
no. 10 is a view showing a code ublc of Colomb-Rice 

'"SilAandllB.reviewsfor explaining conventional 
problems; and 



nC. 12 U 1 block diagram showing an i-n'S* 
enoSine .ppTttus according to a third embodiment of 
the present InventioD. . 

DETAILED DESCRimON OF THE 

PRnrnRRCD CMnOOIJ^TiNTS 

^"ffere^^^'U"' «-ve.tioa win" be e^lained in 
deiaU with refaence to the accompanying drawings. 

no is a block diagram showing the fust embodin«« 
of "e present invention. U RG. I. refaence "um«a^ 101 
denotes^ signal line, 102 denotes • f f 
image data corresponding to two Lnes. !«3 denote a 
3tor which generates a prediction value from peripheral 
5 «L ?2n«es a ,uto«.er. 105 denotes a count« 
which holds the number Re) of appearance of each p«d^ 
oror e (»-255 to 255). 106 denote, a convexier which 
«^ an intermediate output value e' ««^«P«« Jj'S «od.e 
pcScUoo error e. 107 denotes a 
rir«iL 10» denotes a Huffman encoder, m denotes a 
m.SS!;y which stores a Huffman uWe. 110 denotes a signal 
toTm d^otes a memory (to be referred as conversion 
111 hereinafter) which stores a conversion tab e in 
wWch an output value M(iJ for an mput value i of Oie 
coflSrter 106 has been defined. 112 denotes «. update 
lul^m circuit whichjudgeswhdher or not theconv^^^^^^ 
t^fe U to be updated, and 113 denotes a signal Une. 

■nie ^^sent Embodiment wiU be explained by way of 
-xIJjle'^aneigh.-bit(i.e..0to255valu«)monochroj« 
Sis encoded However, the present invenuon is not 
Sed fo ^ a case, but nuy be applied to a case where 
caA of RGB eight-bit signals is encoded for each of RGB 

Tt halffi pa-. iously stored in the mcmurj 1108) JM 
the Huffman table which was formed on the basis of char- 
actiristics of the prediction errors generated incase of 
prediction-encoding several sample images. HO 4. shows 
•an example of the Huffman table w hich has been stored 

in the meiiiut> IK*) ISi- . . . in i.« 

Further, as an initial suge. the conversion Uble 111 has 
been set such that the output value M(i) for the input value 
i satisfies M(i)=i. Also, in the eounta 105. all the values (i.e.. 
the number of appearance) F(e) corresponding to the pre- 
diction errors e (=-255 to 255) have been set as "O". 

SubscqucnUy. an opcraUon of each unit in the present 
embodiment WiU be explained sequentially. 

InitiaUy. an encoding target pixel x is inputted, in the 
order of raster scanning, into the buffer Itl2 and the sub- 
tracter 104 through the signal line 101. 

The buffer 102 stores the signal which is inputted from the 
Monal Une l«l and corresponds to the two lines. Then, the 
nr'idicior 103 reads r«ripheral pixels a. b and c of the 
encoding target pixel x from the buffer 102. and obtains a 
predictUm value p for the lencoUe] encoding target pixel x 
liy calculating p=a+l)-c. In this case, pusitiuns of the peri- 
pheral pixeli a, b and c for the encoding target pixel x are 

shown in FIG. 3. ^ 
The subtraacr KM generates Uie ptedicuon error e b> 

calculating e=x-p and also pcrfornas i^'"?" "L*^* 
counta value F{e). For example, if the prediction mor is 
••2". the subtracta 104 peiforras the '^n'^'"''?!- 
value F(2) cottesponding to such Ithe) a prediction error 

m converter m outputs the intermediate output value 
e- corresponding to the inputted prediction error e. by 
referring to the conversioQ taWe HI. . 

Proc^sing operations of the update judginent cireoit 112. 
the^versioMable update circuit 107 and the conversion 
table 111 wiU be explained later. 



The Huflnaa eacoder 108 outputs eocodiAg diu coac- 
spoadittf to l!ie ifitennedijie output vihie e' to the sig&al Uae 
no. by referrtflg to the Huffnuo table stored ta the Huffnuo 
table m e m ory 109. 

The above-described serial eocodiog process is repeatedly 
performed for the 16-Ufte pixels of the inputted image data. 

Subsequently, processes of the couata 1U5 and the update 
iudgme&t circuit 1 12 wiU be cxplaioed ia deuU. 
When the encoding process of 16 lines i$ terminated 
In the counter 105, data representing the number of 
appearance of each prediction error e is generated as 

shown in FIG. 5. . . , 

The update judgment drcutt 112 checks the Bumoa 

fW-Th) to FTTh)) of appearance of the predictioo eaor (-Th 

Im) (it b^umcd StVJJ in the present embodimem). 

in the counter values held in the counter 101 
If there U the value as the Bumba or appearance IB me 

counta values, the update judgment circuit 112 judges that 
the objective image is a specific image *£?^tmage^ 
limited<olor image or the like) in which P«^«» «^ 
not genaaied exists. Thus, the circuU 112 outputs to the 
signal Une 113 a control signal for <^ting Ac con- 
v«i0B laWe update circuU 107. On the other hand, tf there 
is no predictkw error having the vdue -IT as the Bunter Of 
appevance in the 16 lines, the objecUve image is encoded « 
aTordioary image, -nierefore, die update judgment ciraiit 
112 outputs to the signal line 113 a sij-nal "0" (not for| 
for not operating the conversion tabic update circuit 107. 
In this case, it Is judged whether or not the objective 
image is the specific image, on the basis of the prediction 
error generated in the 16 lines of the image. Ho%vc\ cr, the 
present invention is not restricted to such an operation. 
That is, the prediction error can lie adaptivciy chanucd 
within a range beginning from the several pixels to the 
plurality of images, if in unit of image suitable for the 
judging. 

In the example shown in FIG. 5. since the number of 
appearance for the predictioo eiTcrs 1. -K 3. -3. 5. -5 and 
the like is "D*. tfte control signal ''T is outputted from die 
couttttf 105 to the cooversioo table update circuit 107. 

Further, the counter 105 and the conversion table 111 are 
reset to an initial state for every 16 lines, and die processes 
of the counter 105 and the update judgment circuit 112 are 
repeated . . 

Then, an operation of the coaversioB uble update circuu 
tU7 wUl be explained in detaiL hadnafter 

The convenioB uble update circuit 107 operates ia die 
case where the control signal from the signal Une 113 is **r. 
to perform a process for rewriting the convenioB uble til. 
If the circuit does not perform die operatioa. die coovenioo 

uble 111 is sucoeuively usedL 
The circuU 107 checks die number Np of die predictioo 

erm e of which die number of appearance U not by 
refeiring to die number of appearance witfiin die range of die 
predictioB error e from ••(T to *-255" in the counter 105. 

Then, die circuit 107 aUocates die predictioo error e of 
which the number of appearance is not -IT to integer value* 
D- to -Np-r of an intcrmcdUtc output value M(e) held in 
die conversion uble 111. in the order of "IT, T. -2'. -3" 
to -255" (i.e.. "tT. -2". "4". -6^. . . . in FK3. 5>. 

Subsequently, die circuU 107 scquentiaUy allocates die 
predictioo error e of which the number of appearance is -0" 
(Lc. - r . -3". . . . in no. 5>. to die integer valoa "Np" 
to -255'' of die intermediate oucprt value M(e). 

In die same manner as described above* die riroii 107 
checks die oumber Nm of the prediction error e of whfch die 
number of appearance is oot for die preditfioo error e 

from --r to --255". 

FbrdMr. die circuit 107 aUocates die predkUoo error e of 
which die number of appearance is not "QT to die infieger 



vahies i" to --Nm" of die Intermediate output value M(e) 
held in the conversion uUe 111. in the order of --r, --2", 
"-.r 10 "-255" (Lc. ' -2". --4". "-6" in FIG, 5). 

SubsequeaUy. die circuit 107 sequentially aUocates die 
prediction error of which the number of appearance is **0" 

(i.e.. --r. *"-3^ --5" in FIG. 5). to the integer values 

"-Nro-r to "-255'* of the intcnnediaie output value M(c). 

By such operations, (he conversion uble 111 is rewritten 
such that die predictioo crron of which frequency of gco- 
eratioa is high concentrate on die value close to the iotcr- 
mediate output value "t)** of which code lengdi is short 
Therefore, in die case where die objective image is judged 
as the specific image by die update judgment circuit 1 1 2. die 
value having large absolute vahie is allocated to the predic- 
tioo etror which is never generated, whereby die effective 
entropy encoding can be performed. 

For an image having die generation frequency of die 
predictioo error as shou'o in FIG. 5. die conversion table 111 
is rewritten as shown in FIG. 6. When the rewriting of die 
conversion table III by die conversion uble update circuit 
107 terminates, all die count values held in die counter 105 
are reset to 

AS described above, die encoding process for die image 
. dau of the 16 lines and die updating of die conversion uble 
111 are repeatedly performed, die encoding is continuously 
performed for die final pixel inputted from die signal line 
101 . and dien die encoding dau is outputted to the signal Une 
110. 

(Second Embodiment) 

Subsequendy. the second embodiment of the present 
invenUon will be explained with reference to die accompa- 
nying drawings. 

FIG. 7 is a block diagram showing die second embodi- 
ment of die present invention. In RG. 7, reference numeral 
7t»l denotes a signal Une. 702 denotes a buffer which stores 
image dau of two lines. 703 denotes a context generator 
which generates a context (i.e.. a value representing a state 
of peripheral pixel value) from peripheral pixels. 704 
denotes a predictor which generates prediction value, 705 
denotes a subtracts. 706 denotes a parameter k scleilion 
circuit, 707 denotes a memory which holds a Golomb-Ricc 
parameter k for each context 708 denotes an inspection 
circuit which has diaein a one-bit flag f(e) storing whether 
or not a predioion error e has been generated. 709 denotes 
an update judgment circuit which judges whcdier or not 
[updated! updating of a conversion table is to be 
performed^ 710 denotes a conversion tabic update circuit, 
711 denotes a memorj* which stores the conversion tabic 
in which output value M(i) for value i inputtt»d to a 
converter 712 has been defined (to be referred as a 
conversion table 711 hereinafter), 712 denotes a converter 
which converts the prediction error in accordance with 
the convcnton Uble 711, 713 denotes a Golomb-Rlce 
encoder, 714 denotes a signal Une, 715 denotes a signal 
line, 716 denotes a subtracter, 717 denotes a prediction 
value correction drcult, and 718 denotes a signal line 

Like the firat rmlr*^'"^ it will be explained as an 
example a case where an eight-bit (Le.. values to *^51 
monochrome image is encoded. • 

It is auumed that the memoo* 707 has stored and 
holds a value of the parameter k suitable for each context 
which value was obtained by previously performing an 
encoding test of several umple Images. 

FIO. 8 tfiows an cximple cf a oorrcqMMde&oe table of a 
context S and die paruDCter k ftortd 1ft the memory 707. 

The predicdoo vahie edoeetloo cfrcdt 717 has dicrelft a 
moBory rcgloo for boldiaf die Bombcr N(S) of geaeratioa 
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of the predictioa error e for each context S and cumulative 
value E(S) of the prediction error e for each context S. In 
an initial state, all the values have been set as "0". 

It is assumed that an initial state of the control signal 
outputted to the signal line 718 has been set as "^0". 
Further, as the initial state, all the flags f(e) held in the 
inspection circuit 708 have been set as ''0", and also the 
conversion table 711 has been set such that the output 
value M(l) for the input value i satisfies the following 
equation. ,-2,-ifcr,<o 



Hereiiufter. an opentioo of each uiiit in the presem 
embodimeat will be sequcotiaily expUined. 

InitUUy. image data or sigaai represeating an encoding 
taxget pixel x is inputted, in the order of raster scaooiog. into 
the buffer 702 and the subtracten 705 and 716 through the 
signal line 701. 

The buffer 702 stores the signal of two Lines inputted from 
the signal line 701. The prediaor 704 reads the image dau 
of peripheral pixeb a. b and c of the encoding target pixel x 
from die buffer 702, and obtains predictioo value p for die 
encoding target pixel x by calculating pBa44>-c Positions of 
the peripheral pixels a. b and c for the encoding target pixel 
X are shown in FIG. 3. The context genaator 703 firsUy 
reads the peripheral pixels a. b and c of die encoding target 
pixel X from die buffer 702. and secondly obtains values 
(a-c) and (b-<). Then, the context generator 703 obtains 
values q(«-<) and q(b-c) by quantizing each of die two 
values (t-c) and (b-c) into three levels in accordance widi 
a uble shown in FIG. 9. By using such results, the context 
generator 703 calculates die context S=3xq(a-<>4<i(b-c) to 
generate and output the context S^^iT to ^'S'*. 

The parameter k selection circuit 706 reads die value of 
the parameter k cotresponding to the context S from the 
memocy 707 and then outputs the read value. The subtracter 

716 outputs a prediction etror cl=x-p which is die difference 
between Uie prediction value p genaated by die predictor 
704 and die encoding target pixel value x. 

In a case where a control signal from die signal line 718 
is 'D** and a signal from a signal line 718* is ''O". die 
prediction value correction circuit 717 outputs the prediction 
value p outpuned from die predictor 704. as it is. as a 
corrected prediction value p*. 

On the other hand, in a case where the control signal from 
die signal line 718 is or die signal from die signal line 
718* is *-r. dw circuit 717 reads die number N(S) of 
generation of die prediction error e for each context S and 
die cumulative value E(S) of die prediction error e from its 
internal memory region, on die basis of die context S 
generated by the context generation circuit 703. 
Subsequendy. die circuit 717 obtains a mean value men(S) i 
of the predicdon erron in die context S by calculating 
E(SyN(S). By using die mean value merr<S) and die pre- 
diction value p outputted from die predictor 704. die circuit 

717 outputs die corrected prediction value p*sp4txiert(S). to 
die subtracter 705. 

The subcracter 705 obtains die prediction error e^x-p' 
from die corrected prediction value p* outputted by die 
prediction value correction circuit 717 and die encoding 
target pixel x. and outpuu the obtained prediction error e. 

FUtdier« every time die prediction error e is generated, in 
a case where die control signal from die signal line 718 is 
or die control signal from die signal line 719 Is **r. die 
predicdon value correction circuit 717 newly adds die 
prediction error e outputted by die subtracter 705 to die 
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cumulative value E(S). and performs increnaent of the num- 
ber N(S) of generation of the prediction error e for each 
context S to store the obtained data into the internal memory 
region. 

The converter 712 reads an intermediate output value e* 
for die input value e from die convenion table 7 II. and dien 
outpuu die read value. The Golomb-Rice encoda 713 
generates encoding data of the intermediate output value e' 
on die basis of a code allocadon uble shown in FIG. 10 
which corresponds to die values of the parameter k outputted 
by die parameter k selection circuit 706. and outputs the 
obtained dau dirough the signal line 715. 

Subsequendy. a detailed encoding procedure in the 
Golomb-Rice encoder 713 will be explained hereinafter. 

Rrsdy. die intermediate output value c* (Le.. *D" to **5 IQ- 
in diis case) which is the target of encoding is expressed in 
binary numba. and then divided into a lower k-bit portion 
and an upper remaining portioa It is assumed that the 
value obtained by expressing the upper remaining 
portion in decimal number Is n. The encoding data 
is obtained by adding ''O" to the lower k-bit portion 
by n, and Hnally adding"!**. For example, FIG. 10 
shows correspondence between the intermediate 
output value e* and the encoding data in the case 
ofk= "0","r\"2", 

When a prediction error el is outputted from die subtracta 
716. die inspection circuit 708 changes die flag f(el) corre- 
spooding to die prediction error el into 

The inspection circuit 708 checks, in die held flags f(*Th) 
to f(Th), die values of the flags f(-Th) to f(Th) correspond- 
ing to the prediction errors **-Th" to 'Th*' (where "Th** is an 
arbitrary integer widiin the range "^O** to **2S5**). for each 
pixel dock. 

Id a case where the flags f(-Th) to f(Th) are all **1**. die 
iaspecdott circuit 708 outputs die control signal to die 
signal line 718*. and outputs a control signal 719 for resetting 
or returning die conversion table 711 to die initial state. 

On die odier hand, in a case where at least one of die flags 
f(-Th) to f(Th) is 'iT, die inspection circuit 708 outputs die 
control signal 'D** to the signal line 718^. 

For example, when k=2. die intermediate value e*=5 
(decimal) (binary "101**) is divided into a lower 2(=k) bit 
part "01** and an upper part **V*. It is determined that the 
lower bit part "01** is the upper 2(=k) bit of Golomb 
encoding data. That is. it is determined diat die encoding 
data is '*01* . . . Furthermore, die code *D** of the number 
1 (decimal) represented by the upper bit **r is added on or 
after 3 (^k-t-l) bits of Golomb encoding data. That is. it is 
determined diat the encoding daU is "010* ...**. 
Sequentially, die code indicating the end of Golomb 
encoding data is added. Accordingly, it is determined diat die 
final encoding dau is **OIOr. 

The above-described encoding process is repeatedly per- 
formed for die eight-line pixels of die input image data. 

Subsequendy. an operation of the update circuit will be 
exptained in detail 

b die above-described processes, in die flags f(-Th) to 
fCTh) held in die inspection circuit 708, *"!** has been 
allocated to die prediction error generated widiin die eight 
lines, and **0'* has been allocated to die prediction error not 
generated. When die process of the eig^ lines terminates, 
die update judgment circuit 709 refers to die flag held in die 
inspection circuit 70& Then, in a case where D** exists in die 
flags f(-Th) to f(rh) corresponding to die prediction errors 
"-Th" to *Th- (where *Th'* is an arbitrary Integer wtthin die 
range ^OT to **255'*). during die process of die subsequent 
eight lines, die update judgment drcuit 709 outputs die 
control signal for operating die conversion uUe update 



dfcutt 710 to the stgiul Line 7 14 and also outputs the control 
signal ^D** for controlling the opetatioo of the prediction 
value correction circuit 717 to the signal line 71». 

On the contrary, in a case where the flags f(-Th) to f{Th) 
are ail **r. during the process d the subse<iuent eight lines, 
the update judgment circuit 709 outputs the^oootrol signal 
"0" (not fori for not o perating the convenion Uble 
update drcult 710 to the signal line 714 and also outpuU 
the control signal "1" for controUing the operation of the 
prediction value correction circuit 717 to the signal line 
718. In addition, the Inspection drcult 708 and the 
conversion table 711 are reset or returacd to the Initial 
sUte 

The conversion uble update circuit 710 operates in the 
case Vfhext the control signal from the signal line 7 1 4 is T. 
to rewrite the conversion table 711. 

In this case. iirsUy. the circuit 710 refers to the value of the 
flag held in the inspection circuit 7<»8. so as to check the 
number Np of the prediction error which has been generated 
even once in the previously-encoded eight lines, within the 
range of the prediction errors "0** to "255", Secondly, the 
circuit 710 checks the value of the flag in the order of the 
prediction error -0\-r. -2^. to -255^ In a case where 
the flag f{e) is "1" (i e.. the prediction error c is.generatcd 
even once), the circuit 710 aUocates even-number values of 
*-0" to '•2xNp-r to the output value M(e) held in the 
conversion uble 711. On the other hand, in a case where the 
flag f(c) is 'D" (i c.. the prediction error e is not generated 
even once), the circuit 710 sequcnUally allocates the even- 
number values of "2xNp" to -5 lO" to the output value M(e). 

Subsequently, the circuit 710 checks the number Nm of 
the prediction error generated within the range of the pre- 
diction errors ^-r to --255-*. Like the case where the 
prediction error is positive, the circuit 710 checks the flag 
f(e) in the order of the prediction error * -2'*. "-3" to 
"-2^5". If the flag f(e) is **r. the circuit 710 sequentially 
allocates odd-number values of "1" to "2xNm-r' to the 
output value M (e) held in the conversion table 711. On the 
other hand, if the flag f(c) is «0", the circuit 710 sequentially 
allocates the odd-number values of «2xNm+r* to "509" to 
the output value M(e) . By such lthc| operations, the 
conversion table 71 1 is rewritten. Therefore, the 
prediction error which has not been generated even once 
in the previously-encoded eight lines is managed, 
irrespective of magnitude of Its value, as the large-value 
prediction error from the time of encoding the 
subsequent eight lines. For thb reason, in the prediction 
encoding in w hich the short encoding code is allocated to 
the small pa^dictiun error, the compression cfTiciencj- can 
l)c impnivcd. After the rewriting of the convenion table 
71 1 is terminated, the conversion table update circuit 707 
initializes the inspection circuit 708. 

As dcsciibed above, the encoding process of ihe eight-line 
image dau and the successive updating of the conversion 
uWc 71 1 are repeatedly performed, the encoding is continu- 
ously performed until the flnal (encode) encoding Urget 
pixel of the Image [Inputted) Is Inoutted from the signal 
line 701, whereby the encoding data Is outputted to the 
signal line 715. 

The present invention is not restricted to the above- 
described embodiments. For example, as a prediction 
method of the encoding target pixd value, pre-predicting 
may be simply used. On the other hand, by providing several 
prediction methods, these methods may be appropriatdy 
switched or exchanged. 

Further, in the above-described embodiments, the Huff- 
man encoding and the Golqmb-Rlce encoding are used as 
die encoding means, but another encoding sudi as arithmetic 
encoding or the like may be used. 

As described above, according to the inuge encoding 
apparanis of the present invention, the encoding can be 
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cfTectivcly performed even for the image data having such 
[the] 2 discrete pixel value as seen in the CG image, the 
limited-color image or the like. 

Especially, in tiie first and second embodixneats. it is 
detected whether or not each prediction error is generated 
even once every time the predetermined unit of image (le» 
eight lines) is encoded. Then, on the basis of the detected 
result, an interpretation of the prediction exror in case of 
encoding next time is changed, whereby the compression 
efficiency in the prediction encoding (Le., variable length 
encoding) can be improved. 
(Third Embodiment) 

no. 12 is a block dUgrana showing the third embodiment 
of the present invention. . 

In FIG. 12, reference numeral 401 denotes a signal line. 
402 denotes a buffer. 403 denotes a context generator. 404 
denotes a predictor. 405 denotes a prediction value correc- 
tion circuit. 406 denotes a Huffman table generator. 4t>7 
denotes a Huffman Uble memory which stores a Huffman 
taWe. 408 denotes a Huffman encoder. 409 denotes a 
subtracter. 410 denotes a signal line, and 411 denotes an 
inspection circuit which has thaein a one-bit flag f(e) for 
storing whether or not a prediction error e has been gener- 
ated. 

In the present embodiment, encoding is performed based 
on two-path [structurel structures . That is, in a first path, 
the Huffman table is [structed| constructed In the Huffman 
table memory 407, and In a second path, the practical encodmg 
is performed by using the structured Huffman table. 
It wiU be explained in the present embodiment a case 
where an eight-bit (i.e., values -O" to -255-) monochrome 
image is encoded. Before die encoding is performed. aUtne 
flags f(c) held in the inspection circuit 411 are set as *t» . 
Further, the prediction value correction circuit 405 has 
therein a memory region which holds the number N(S) of 
ccncraiion of the prediaion error e for each context S and a 
cumulative value E(S) of the error for each state. However 
as an initial state, all the values in the circuit 405 have been 

'VirsXimagc data is sequentially inputted from the signal 
line 40l.'Thc buffer 402 stores the image data of two lines 
inputted from the signal line 401. The predictor 404 reads 
peripheral pixels a, b and c of an [encode) encoding target 
pixel X from the buffer 402. and produces a prediction 
value p by calculating p*a+b-c. 

Positions of the peripheral pixels a, b and c are shown in 
RG ^ Similarly, the context generator 403 fetches me 
peripheral pixels a. b and c to obtain values (a-c) and (b-c) 
liicn like the first embodiment, die context generator 403 
obuins cadi of values Q(a-c) and q(b-c) by quantizing each 
of the two values (a-<)and (W) into Aree levels in accor- 
J;mcc with the table shown in FIG. 9. By u^ing such (the) 
results, the context generator 403 genaates the context S 
which represents die sutes of the peripheral pixels e^esscd 
by "0" to "8", by calculating S=3xq(a-c>+<i(b^). 

The prediction value correction circuit 405 inputs the 
context S outputted by the context generator 403. and reads 
from the internal memory region the number N(S) of g«i- 
eratton of the prediction error e for each context S and the 
cumulative value E(S) of the prediction cnor e for each 

context S. .. .. auc 

Subsequeody, the prediction value correcuon cirawt 405 
obuins a mean value roen(S) of the prediction error in the 
context S by calcuUting E(S)fl^(S). Theii. the inspecuon 
circuit 411 checks the value ci a flag f(-mcn(S)) which 
sunds tht flag "l" foe the alrcady-gcnaated value, in a 
prediction eiroc c2 between die prediction value p and the 



